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SHIPPING  TjfiSTS  WITH  PRiPACKAGED  VEGfiTABLBS" 
FROM  CKLlfOnnlA  TO  £AST£RN  MAJRKSTS|  TMFSRATUHSS 
IH  THAH3IT  AiJD  CONDITION  Of  PHODQCS  AT  DESTINATIOli^ 


The  work  reported  herein  wag  done  under  authortiation  of  a 
Research  and  Marketing  AdiBiniotratlon  project  entitled  "Quality 
Preservation  in  Prepackaged  Fruits  and  Vegetables**  in  cooperation 
with  the  Research  Institute  of  the  Western  Growers  (which  is  the 
fieaoarch  Division  of  the  Western  Growers  Association,  Los  Angeles, 
California)  „ 

This  report  describes  the  condition  at  destination  and  the 
temper atfiure  records  of  five  carload  shipments  of  freeh  vegetables, 
of  which  a  considerable  portion  were  prepackaged  in  cellophane  and 
pliofilm^     These  cars  were  shipped  onder  standard  refrigeration  from 
the  area  of  production  in  California  to  5  different  eastern  markets© 
No  top  ice  or  ice  within  tne  load  was  used  in  any  of  the  cars.  The 
vegetables  were  packed  In  two  new  types  of  crates  of  convenient  sise 
for  handliage    The  Hoak  method  of  loading  was  used  in  all  carso 

All  cars  were  equipped  with  Preco  feme*    These  fane  were  used 
to  finish  effective  precooling  of  the  commodities  after  ioadiage 
The  cars  moved  with  the  fans  in  the  "on**  position  during  transit  which 
insured  maximum  and  unifone  refrigeration  througnout  the  load  until 
arrival  at  destination. 

This  report  does  not  cover  details  of  preparation  and  packaging 
of  the  vegetables  nor  other  data  obtainable  at  shipping  point,  except 
as  to  precoollngj  since  the  Bureau  did  not  participate  in  that  phase 
of  tfte  tests*    A  summary  of  Information  collected  by  Government 
representatives  is  given  below© 

G£N£RAL  INKIBMATION 

Shipper  ~  Western  Growers  Research  Institute,  Pasadena, 

California 

Shipping  Point  -  Gonsales,  California 

Tyoe  of  Car  -  New  P«y.SS.  cars  equipped  with  Preco  faris. 


Houte  and  Tine  In  Transit 

Tine 


Car  Ko, 

Destination 

Boute 

in  Transit 

7173 

Cincinnati^  0. 

SP,UP,CNW,IHB 

9/M/i5 

U729I 

ColujnbuCf  0* 

SP,UP,CJsiW,BKC,,Penn, 

9/9-9/17 

Detroit,  Mich„ 

9/11-9/19 

7079 

Boston,  Masso 

JiYNH&H 

9/li>»9/22 

UgoUl 

Minneapolls.Mian,  SP,UP, iC.M&St, L, 

9/l>-9/20 

Recel vera 

So  JU  Gerrard  Conpany,  Cincinnati^  Ohio 

The  Great  Atlantic  and  Pacific  Tea  Coarosuiy.  Columtun,  Ohio 
The  Kroger  Conjpany^  Detroit,  Michigan 
D'Arrigo  Brothers  Company,  Boston,  Massachusetts 
Gambl&>EoblQson  Company,  Minneapolis,  Minnesota 


LOJLDING  DATA 

Carrots*  Celery^  Lettmce^  Cauliflower,  and  Broccoli  were 
included  in  each  car.,    A  few  crates  of  Brussels  sprouts  were 
included  in  all  except  th«  Cincinnati  caro 

Less  than  on^  third  of  the  produce  was  prepackaged.  All 
of  the  carrots  were  packaged  in  1  lb,  stapled  cellophane  or  pliofilm 
bags.     About  50  percent  of  the  celery  was  packaged  in  stapled 
cellophane  and  pliofil»  bags*  eaid  about  10  percent  of  the  lettuce 
was  sealed  in  perforated  pliofilm  envelops.    The  few  crates  of  Brussels 
8pro>jLts  were  in  sealed  cellophane  and  both  sealed  and  ventilated 
pliofilm  bags*    Hone  of  the  broccoli  was  prepackaged  but  the  top 
layer  of  bunches  was  covered  with  sheet  cellulose  acetate«     Three  cars 
contained  a  number  of  crates  of  whole  Cauliflower  curdg  pex;kaged  in 
pllofila  envelops;  some  packaged  segments  (floweret tea)  were  included 
in  two  of  the  cai's» 
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CoPttOdity  tearpergtores  en  roate  (Realstance  therttoaetera)  i 

After  the  thorough  job  of  precooling,  the  te&per&tures  were 
held  at  very  satisfactory  lerel*  during  the  entire  trip,  three 
of  the  loads  arrlrln^  with  average  temperatures  of  approximately 
36®o    The  tearperatures  of  the  other  two  loads,  37. wid  Uo*l*, 
were  almost  as  good* 

A  sui&mary  of  temperatures  read  at  stations  en  route  is 
giren  in  Tahle  3« 

> 

Reproductions  of  three  acts  of  thermograph  records  are 
shown  in  Figures  1  to  3,    The  top  chart  of  each  fl^^e  is  a 
record  of  the  outside  air  temperature  during  transit  as  obtained 
from  the  instrument  fastened  underneath  the  car.    The  other  charts 
represent  temperatures  within  the  crates  of  vegetables  at  the  quarter- 
length  positiono  As  shown  by  the  charts©  the  temperatures  were  very 
uniform  during  the  entire  shipping  period,  €md  were  held  at  nearly 
ideal  levelso 

ISSPBCTION  AT  DUSTiyATIpy 

Ice  in  Bunk:er8 

The  bunkers  of  all  five  cars  were  7/8  full  or  better  oft 
arrival  at  destination. 

Carbon  Dioxide  In  Cart 

00 2  determinations  were  made  on  three  care  before  they  were 
opened,  and  averaged  1,31^  car  7173  »t  Cincinnati,  0*0%  in  car 
U729I  at  Columbus,  and  1,6ft  in  car  7079  at  Boston* 

Condition  of  Load  and  Containers 

All  five  loads  arrived  in  good  order  and  without  any  breakage. 

Condition  of  Produce 

Carrot s^    Generally  fresh  and  crisp  and  of  good  quality.  There 
was  no  difference  In  quality  of  carrots  from  Pliofilm  or  cellophane  bags. 
No  decay  was  seen,    From  these  results  it  appears  that  carrots  can  be 
shipped  satisfactorily  in  this  mannero 

Celery;    Both  the  wre^ed  and  naked  pack  stock  arrived  In  fine 
condition  with  the  exception  of  a  few  crates  of  the  naked  pack  in  one 
car  in  eTposed  positions  where  there  was  some  wilting  of  leaves  and  stalks. 
All  the  prepacked  stalks  were  crl»p  and  fresh.    No  difference  in  quality 
was  found  in  the  celery  from  the  cellophane  or  pliofilm  bags©    There  was 
no  yellowing  or  wilting  or  decay  la  any  of  the  crates  examinedo    The  butt 
ends  were  dry  and  did  not  need  trimminge     Some  celery  of  inferior  quality 
was  Included  in  the  one  car,  but  it  was  different  from  the  main  lots  to 


Size  of  Loadt 

Ail  except  the  Mifineapolls  car  were  loaded  with  660  crates 
(5  wide,  6  high,  2?  etaclct).    The  Minneapolis  car  was  loaded  %r1  th 
770  crates  (5  wide,  7  iiigh,  22  stacks).    Two  types  of  crates  were 
aged,  one  nailed  and  the  other  wire-bound,  each  measuring  20''xl6''x9«l/2*, 

IGISa  RJECOHDS 

All  of  the  cers  were  billed  for  standard  Refrigeration  with  2 
l^rcent  salt  where  requested.    A  eujiunary  of  the  icing  schedule  of 
each  car  is  given  in  Table  1« 

Tao>iiRAnjBa  rscohds 

£ach  car  contained  a  cable  with  12  electric  resistance  thermo- 
Beters  which  could  be  read  en  route  without  opening  the  car.  Arrange-* 
sents  had  been  aade  to  get  such  readings  at  several  points.  Three 
^an  theraogrirohs  were  placed  within  crates  of  produce  at  top,  middle 
and  bottom  quarterlength  positions  to  obtain  continuous  records  of 
temperature  at  those  positions^    Another  thermograph  was  fastened 
beneath  each  car  to  record  the  outside  air  temperature  during  transit, 

Precooling  temperatares^ 

The  vegetables  were  hydro-cooled  before  being  packaged;  precooling 
was  completed  to  very  satisfactory  temperatures  after  loading  by 
operating  the  Preco  fans  te  which  electric  motors  were  attached  for  the 
purposto    Table  2  gives  a  summary  of  the  precooling  data« 

Table  2,    Precooling  data  after  the  vegetables  were  loaded 

in  cars. 


Car  ITo, 

7173 

H7291 

US5S2 

7079 

k96^ 

Avg,  temp,  of  produce  wh«n  U5eg* 

39o9* 

loaded  (after  hydrocooling) 

Avg.  temp,  of  produce  after  34, !• 

3^.0* 

32.9* 

3^.5* 

32.  g« 

precooling  in  the  car 

Hours  cooled 

17 

7.5 

12,0 

i6«o 

12o0 

Temp,  reduction  per  hour 

.69* 

0.6* 

Oo69* 

.51 

Warmest  position  in  car 

Kiddle 

Top 

Top  9th 

Bote  and 

Top  9th 

bunker 

Doorway 

stack 

top  bunker  stack 

35.7V 

37.5* 

35.7* 

37.8^ 

35.7* 

Coolest  position  in  car 

Top  9th 

Top  Quarter-Top  6th 

Bottom 

Middle  &Bot„ 

stack 

length 

stack 

Quarter length  doorway 

32.7* 

31.9* 

31.3^ 

32*  6* 

31.3* 

floor  racks  were  covered  with  pamper  at  doorway. 


Table  5©    Maximam.  Minimun  and  Average  Tempe retures 
of  the  Car«  Taken  »t  latervalr  Along  Snipping 
Koute*. 


no* 

St-  at  1  ftn 

Mfi  mnn 

rlJLlH  ill  VJU 

A  VAT* 

71  TK 

7/  1 

•MV  TAX 

«- 

J  Jo  0 

"^K  1 

ijis  C 

X6  6 

^6 

Q/l  ^ 

XT  0 

9/15 

Cincinnati 

39«7 

35.4 

3^>-b 

**  (<rjx 

Q  /  in 

XiO      V 1  X  xo 

,7  f  •  C 

7R  n 

7/  *i 

M  V IV  0 

oparKS 

17  J? 

11  h 

li*  n 

0/10 

Oflp^  AVI 

17  7 
3f  •  f 

11  7 

33o  / 

7K 

9/16 

Ohieago 

42,1 

33c  8 

38,8 

U0l\lfflbU8 

3^08 

UOol 

9/  12 

Lrf  A  M  A.  «*  4      t     ^  M 

AoeeTliie 

17  ^ 

i 

9/13 

tsparkf 

3700 

3%0 

7f^  9. 

7/ Id 

Ugaec 

3r.o 

3**o  1 

7K 

7/ 

^7oU 

7 

9/20 

Detroit 

37.5 

33o7 

3%  7 

7079 

9/13 

Hoseviile 

38.3 

36*0 

37.3 

9/lU 

aparks 

35o3 

36.7 

9/1$ 

Ogden 

37-2 

33.2 

9/22 

Boston 

58-3 

34oO 

35-9 

490U1 

9/13 

RoseTille 

33o9 

35o6 

Sparks 

35o7 

37.1 

9/15 

Ogdan 

3^?»5 

35o2 

3606 

9/16 

Chicago 

^6a 

3^0  0 

35.0 

9/20 

Minneapolis 

5So9 

36.4 

37o6 

start  with  and  apparectl;]r  vat  not  affected  by  transit  conditlonso 
?rom  these  result e  it  appc'&rs  that  celery  can  be  shipped  satisfactorily 
when  prepackaijed,  in  fact,  it  arrived  with  less  wilting  than  the  naked 
packc 

Lettuces    Stock  arrived  mostly  fr^sh  and  crisp,  and  was  con?;idered 
good  quality.    Generally  a  little  tri««ing  of  the  unpackaged  lettuce 
was  necessary*    Occasionally    the  outer  leaves  showed  watersoaked  bruises 
or  were  slightly  discolored  by  rusting  through  the  ribs*    Butte  were  light 
red  to  dark  red,  those  of  the  packaged  stock  being  consistently  darker 
red  than  those  of  the  naked  heads.    The  packaged  heads  were  in  good 
condition  end  marketable  without  trimEing,    The  results  indicated  that 
lettuce  is  definitely  adapted  to  long  distance  shipment  after  being 
prepackaged  provided  it  is  properly  refrigerated  throughout o 

Cauliflower;    In  only  the  Boston  car  were  any  heads  wrapped,  atnd 
these  were  In  good  condition.    The  color  was  generally  whiter  in  the 
packaged  than  the  unpackaged  curds,  although  both  packs  were  in  good 
condition.    There  was  slight  browning  of  the  curds  in  the  bulk  crates 
of  all  cars. 

Some  ob^ction  was  registered  by  the  trade  to  the  lack  of 
unifonnity  of  siae,  and  to  the  severe  trimming  of  the  heads* 

The  bagged  floweret tes  in  the  Columbus  car  shoved  considerable 
browning^  and  on  opening  there  was  a  strong  off«.odor  in  some  of  the 
bags,  while  in  other  bags  the  odor  was  not  objectionablso    The  bags 
with  the  obj^tionable  odors  had  been  sealed,  end  were  found  to 
contain  high  concentrations  of  carbon  dioxido«    The  carbon  dioxide 
content  was  measured  in  three  bags  with  results  as  follows; 

Bag  1,    25.2^  COg,    Odor  very  strong,  disagreeable,  fermented. 

Bag  2o    18.      COg.    Odor  not  as  bad  as  (1)  but  strong. 

Bag  3.      8,85^  COg.    Odor  not  ob jeetionahls. 

Judging  from  these  results,    bags  used  for  this  cosuBodity 
should  not  be  sealed.    No  evidence  of  decay  was  fcmndo    Nono  of 
the  bags  wers  marketed. 

In  the  Boston  car»  the  bagged  flowerettes  arrived  in  good  condition. 
None  of  the  bags  esnnined  contained  produce  with  off-odor  or  flavor,  and 
no  bag  was  found  with  a  high  concentration  of  carbon  dioxide<. 
The  impression  gained  from  examining^  the  cauliflower  in  this  car 
was  goodo 


6- 


Bmsaela  Sprouts s    Packaged  in  Pliofila  and  celloi^Ane,     Sprout g 
were  freth  and  crisp  and  of  good  quality.    Ko  discoloration  or  decay 
was  seen. 

Broccoli i    All  naked  pack,  with  a  sheet  of  cellulose  acetate  over 
the  top.    In  the  Cincinnati  car,  from  1/U  to  1/2  of  tha  bunches  wers 
slightly  open  and  showed  yellowing  of  the  bud  clusters.    This  stock 
needed  to  be  re>pforted« 

In  the  other  four  cars,  the  broccoli  arrived  in  good  condition  and 
was  well  received.     (Quality  was  good,  and  the  floweret tes  were  tight 
budded  and  of  good  coloro 

The  poor  condition  of  broccoli  in  the  Cincinnati  car  suggests  that 
the  stock  in  that  car  may  have  been  inferior  to  that  of  the  other  cars 
when  it  was  loadede 

IKSPSOTION  Ig  RETAIL  STQFJBS 

The  packaged  produce  was  watched  and  examined  in  retail  stores 
and  in  warehouses  for  two  days  following  unloading  of  three  of  the 
cars  (Cincinnati,  Columbus  and  Boston).    Stores  with  and  without 
refrigerated  counters  were  visited  in  making  the  observationso 

The  prepackaged  commodities  were  in  general  well  received  and  in 
good  condition  on  the  second  day  in  the  storese 

The  carrots  were  favorably  received  in  most  stores.  Considerable 
variation  of  consumer  preference  was  noted  from  store  to  store  where 
a  choice  was  possible  between  carrots  with  tops  and  tne  prepackaged 
carrot  So    Some  thought  the  prepackaged  carrots  were  too  severely  trimmed, 
while  othersf,  esoecially  in  stores  where  carrots  were  sold  by  weight, 
liked  the  prepackaged  carrots. 

The  packaged  celery  held  up  very  well  on  the  stands,  and  the 
transparent  bag  was  popular  with  consumers.    The  large  stalks  also 
helped  sell  the  prepackaged  celery  in  preference  to  competing  smaller 
st&lks. 

Hany  customers  were  selecting  the  California  packaged  lettuce  in 
preference  to  freshly  trimmed  and  packaged  heads  from  the  same  car« 
Reasons  given  for  tbls  selection  were  the  larger  size  of  the  unt rimmed 
head  and  complete  transparency  of  the  package  in  contrast  to  the 
cardboard  tray  overwrapped  package  lised  for  the  trimmed  heads  prepackaged 
at  destination*    In  seme  cases  on  the  second  day  produce  managers 
considered  it  necessary  to  remove  the  pliofilm  envelops  to  t  rim  the 
heads,  after  Irhich  they  were  re>»wrc9pede    In  general,  the  store 
managers  seemed  to  think  that  packaged  lettuce  would  be  a  big  advancement 
in  marketing  that  c<»modityo 


/ 
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In  Boston  tne  packaged  ce.ulif lower  heade  sold  bett«r  than  the 
unwrapped  heads  when  the  tws  war©  dieplayed  side       side©    Tne  packaged 
heads  maintained  A  whiter  color  and  appeared  bulklcrc    Most  ntor* 
manegere  felt  that  some  Jacket  leaves  should  have  been  left  on  th« 
curds  for  color  and  aise*    The  bagged  cauliflower  flowerettes  were 
received  very  well  in  Boston*  and  retailed  fast.    However,  they  are 
difficult  to  handle  because  of  the  susceptibility  of  the  broken  surfaces 
to  discoloration  and  the  higher  respiration  rate  of  the  segments  which 
cause  then  to  break  down  faster^ 

The  few  crates  of  packaged  Brussels  sprouts  were  well  received  and 
sold  well  in  the  stores© 

The  only  coasuiaer  packages  used  In  these  shipments  were  bags  of 
PllofilB  and  cellophane.     The  Pliofilsj  was  designated  P6Ar-HF,  a  highly 
plasticlsed  film  of  non-fogging  type  and  with  heat  sealing  properties, 
while  the  cellophane  was  designated  MSAT  86^  a  cellophane  film  of 
standard  moisture  proof ness  with  heat  sealing  properties  and  water 
resistance  to  withstand  contact  with  moiat  products©    The  produce 
removed  from  the  two  kinds  of  bags  was  indistinguishable  as  to 
quality.    The  cellophane  pack  was  brighter  and  in  general  more 
attractive  in  appearance^    However^  store  managers  generally  felt 
that  the  smoky  appearance  of  the  Pllofila  would  not  influence  the 
consumers"  choice.,    Little  condensation  was  vitiblQ  within  tb« 
Pliofilm  bags  as  compared  to  cellophane^    Hcwever,  droplets  of 
condensation  inside  a  bag  are  not  necessarily  ob jectionabl©o  There 
was  little  breakage  of  tne  films,  although  tner©  were  name  c©iloph€ine 
bags  split  open  along  seams,    No  complaints  were  heard  in  the  trade 
of  the  odor  or  feel  of  either  film. 

Conclusion 

These  shipments  demonstrated  tnat  it  is  possible  to  ship  prepackaged 
perishable  vegetables  such  as  carrots,  celery^  lettuce,  cauliflower  md 
brussels  sprouts  for  a  period  up  to  ten  days  and  have  tnem  remain  in 
good  condition  so  tnat  they  may  be  placed  directly  into  retail  trade 
without  further  trimming  or  preparation*    It  was  further  demonstrated 
that  naked  dry  packs  of  these  vegetables  as  well  as  of  broccoli  may 
likewise  be  shipped  in  good  condition  for  the  same  length  of  timoo 

The  low  temperatures  tnat  were  obtained  in  precooling  and  maintained 
in  transit  were  undoubtedly  largely  responsible  for  tne  satisfactory 
condition  of  tne  produce  at  destination,     Ottoer  factors  that  were 
important  v^ere  careful  selection  and  packing  of  the  produceo 


Much  credit  for  the  snccett  of  the  shipping  test*  it  due  to 
mimber  of  cooperators  who  helped  in  conducting  th6  inveeti /Ration 

Among  these  are  the  follotring: 

Jfi,  A,  &oraian»  Jr, ,  Preco,  Inc. 

George  Hafflill,  Pacific  Fruit  Express  Coiapany 

Bobert  Crider,        «  s  «  s 

W.  R,  Barger,  U,  S.  Department  of  Agricultur* 

D.  H.  Devey,  «  •  "  * 


-igure  1.     Themograph  records  for  car  P..        7173  during  its  9  day 
transit  period  frrai  Gonzales,  California  to  Cincinnati  (Sept. 6  to  Sep* 
Top  -  outside  air  temperature.    Lower  three  -  temperatures  within  cratcc. 


?igurf?  !•     Tl-iemograph  records  for  car  P.F.E.  7173  during  its  9  day 
transit  period  from  Gonzales,  California  to 
Top  -  outside  eir  tenperatur«* .     Lower  three 


Cincinnati  (Sept«6  to  Sept. 15) 
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